Food allergy is a well-known cause of common skin diseases that present as non-seasonal pruritus in dogs 2, 8, 13) . The two types of pathogenesis that have been proposed to mediate food allergies in dogs are IgE-mediated (type I hypersensitivity) and lymphocyte-mediated (type IV hypersensitivity) immune responses to food allergens [3] [4] [5] . These immunological responses to food allergens are sometimes combined and complicated in clinical cases 10, 12) . Additionally, persistent pruritic dermatitis in dogs is the most common clinical feature of not only food allergy but also canine atopic dermatitis induced by environmental allergens 10, 12) . Recently, two novel allergy tests became commercially available in Japan: the food allergen-specific lymphocyte proliferation test and the quantitative antigen-specific IgE test 3, 9) . In the present study, lymphocyte proliferative responses and serum IgE responses to food allergens were examined to elucidate the role of food allergens in dogs with nonseasonal persistent pruritic dermatitis. A total of 139 dogs (from 4 months to 14 years old, 67 males and 72 females, 29 breeds) presented to the Small Animal Medical Center of Veterinary Teaching Hospital of Kitasato University or one of two animal practices with histories of non-seasonal persistent pruritus over at least one months (approximately 90% of the cases had exhibited pruritus for more than one year) and lesions that indicated canine atopic dermatitis and/or cutaneous food allergy, such as erythema and papular eruptions with hair loss on the face, ears, paws, axillae, flexure sites, ventral abdomen, inguinal region and/or perianal area 4, 10, 14) . Other pruritic skin diseases such as superficial pyoderma, mycotic skin diseases and ectoparasite infestation were excluded by routine dermatological examinations. Lymphocyte proliferation responses and serum IgE quantifications for 18 types of food allergen were assessed by commercial laboratory in Japan (Animal Allergy Clinical Laboratories, Inc., Sagamihara, Kanagawa, Japan) using previously reported protocols 3, 9, 11) . Briefly, the lymphocyte proliferation test was performed as follows: peripheral blood mononuclear cells were cultured in a medium with food allergens and human recombinant interleukin-2 for a certain period; cells stimulated with phytohemagglutinin (PHA) were used as positive controls for the samples that were used to examine cell proliferation; the cultured cells were stained for CD4 and CD25: and the percentages of double positive cells in the relatively large CD4 + lymphocyte populations were analyzed with a flow cytometer 11) . Simultaneously, antigen-specific IgE for 22 types of environmental allergen were also determined in the same laboratory. Levels of 1.1% and 100 ng/ml were considered as the cutoff values for the lymphocyte proliferation test and the IgE test, respectively 3, 9) . Medications such as prednisolone and cyclosporine, which might affect lymphocyte proliferation and serum IgE levels, had not been used for at least 2 weeks prior to the examinations in all cases.
Of the 139 dogs examined in this study, 103 (74.1%) and 73 (52.5%) dogs exceeded the cutoff levels for at least one food allergen in the lymphocyte proliferation test and serum IgE quantification. Furthermore, 55 (39.6%) of the cases exceeded the cutoff levels for both of the tests. Consequently, the lymphocyte proliferation and/or serum IgE tests results for 121 (87.1%) dogs were positive for food allergens. When these 121 cases were presented to veterinary hospitals, all animals had been fed with at least one food allergen of positive reaction. In contrast, 18 (12.9%) dogs exhibited negative results for food allergens in both tests.
In the 103 dogs that were positive for food allergens in the lymphocyte proliferation test, the test results varied from 1.2 to 9.2%. The frequently encountered positive food allergens in the lymphocyte proliferation test included potato, soybean and rice (Table 1) . Seventeen (16.5%) cases were positive for a single food allergen, and 86 (83.5%) cases were positive for more than two food allergens (Table 2 ). There is no correlation between age of dogs and number of positive food allergens in the lymphocyte proliferation test.
In the 73 dogs with positive results for food allergens in the IgE test, the IgE levels ranged from 102 to 1677 ng/ml. The food allergen that most frequently produced a positive result in the IgE test was beef (Table 3) . Twenty-nine (39.7%) cases were positive for a single food allergen, and 44 (60.3%) cases exhibited positive responses to more than two food allergens (Table 4) . There is no correlation between age of dogs and number of positive food allergens in the IgE test.
Regarding the 55 cases that were positive for food allergens in both the lymphocyte proliferation and IgE tests, the food allergens that produced positive results were not always the same between the two tests; however, 33 (60.0%) dogs were reactive to the same food allergens in the two tests. Of these 33 cases, 13 dogs were positive for a single food allergen and 20 (60.6%) dogs exhibited positive responses to more than two food allergens. The cases that exhibited responses to multiple food allergens included four (20.0%) cases that were positive for five food allergens, four (20.0%) case that were positive for four food allergens, five (25.0%) cases that were positive for three food allergens, and seven (35.0%) cases that were positive for two food allergens. The most common food allergen that produced corresponding positive results in both tests was rice (13 cases).
Concerning environmental allergens, of the 121 dogs that were positive for food allergens in the lymphocyte proliferation test and/or the IgE test, 90 (74.4%) cases also exhibited positive results to environmental allergens in the IgE test, and the responses ranged from 101 to 6577 ng/ml. Many of these cases (80 cases) produced high IgE levels in response to house dust mites (Dermatophagoides farinae, D. pteronyssinus) and/or molds (Aspergillus fumigatus, Alternaria alternaria, Cladosporium herbarum, Penicillium notatum). Thus, these 90 cases were considered to possibly exhibit complications of allergy to food and environmental allergens. Of the 18 dogs that were negative for food allergens in both the lymphocyte proliferation and IgE tests, 15 cases exhibited positive IgE responses to environmental allergens, which suggests that these cases simply had canine atopic dermatitis against environmental allergens and not food allergens. However, because the remaining three cases exhibited negative IgE results in response to environmental allergens, the causes of these cases of persistent pruritic dermatitis are unknown.
Previous reports have shown that, among dogs with non-seasonal pruritus, 17 to 35% have food allergies as determined by means of the food elimination and provocation trials 1, 2, 8, 13) . The food elimination and provocation trials are the gold standard for determining food allergies in dogs 2, 6, 14) . In contrast, the tests (allergen-specific lymphocyte proliferation and IgE quantification tests) used in the present study simply reveal sensitization to food allergens. Therefore, these tests cannot precisely evaluate food allergies. However, because the results of the present study revealed a high prevalence of sensitization to food allergens (87.1%, 121/139), food allergies should be considered for canine cases of persistent non-seasonal pruritic dermatitis. Similar to previous findings, the significance of the lymphocyte-mediated type IV reaction compared to the IgE-mediated type I reaction for food allergens was also suggested by the difference in the positive percentages between the lymphocyte proliferation and IgE tests observed in this study 3, 4) . However, it is suggested that a portion of food allergic dermatitis in dogs is mediated by IgE-mediated type I hypersensitivity [3] [4] [5] . Although the evaluation of food allergies based on measurements of serum IgE in dogs is controversial 10) , approximately In the present study, 74.4% (90/121) of the dogs with sensitization to food allergens possibly had canine atopic dermatitis as suggested by elevated IgE responses to environmental allergens. Specifically, house dust mites and/or molds were major allergens. It is suggested that the dogs were sensitized not only to multiple types of food allergen but also to environmental allergens. The results of previous studies support this hypothesis 2, 3, 4, 7) .
We demonstrated that sensitization to food allergens was present in an unexpectedly high portion of dogs with non-seasonal persistent pruritic dermatitis according to the allergen-specific lymphocyte proliferation and quantitative antigen-specific IgE tests. The results also suggest the possibility that food allergy cases are involved in a substantial portion of cases of canine non-seasonal persistent pruritic dermatitis. Thus, food elimination and provocation trials should be aggressively conducted to diagnose and treat dogs for food allergies. Because explanation of the clinical evidence to the dogs' owners, the selection of foods for elimination, and provocation trials are required in these cases, the simultaneous performance of allergen-specific lymphocyte proliferation test and IgE quantification test may be useful for dogs with non-seasonal persistent pruritic dermatitis.
